Description of federally-supported project requiring this application

This license is being sought in pursuit of the research project AGS-1360718 being carried out by Cornell
University and Clemson University with support from the National Science Foundation of the U.S. (This
is a research grant, not a contract.) The work uses a small research radar system to support experiments
pursuant to space weather. Research of this kind was performed for many years under the experimental
license WI2XJS. The abstract for the NSF proposal that initiated this project is given below.

The research in question was originally conducted from St. Croix in the U.S. Virgin Islands. Hurricane
Maria destroyed our research site there. We are applying to have the station location moved from St. Croix
to Ithaca, NY, close to Cornell University. We plan to pursue our remaining research objectives from there in
collaboration with other researchers working in the Northeast U.S. The new coordinates of the station will
be 42.495981 north by 76.429181 west, and the bearing of the antenna’s main beam will be 320 degrees.
The other characteristics of the experimental station will remain the same. The following text constitutes a
description of the research project being supported by the NSF which highlights the ongoing need for the
experimental license.

This is a proposal to investigate midlatitude sporadic E layers, medium-scale traveling ionospheric dis-
turbances (MSTIDs), the associated plasma density irregularities, their mutual coupling, their geomagnetic
conjugacy, and coupling to the thermospheric neutral motion, which is thought to be the ultimate driver dur-
ing geomagnetically quiet times. The investigation will have experimental, theoretical, and modeling aspects
as well as strong educational underpinnings. The broad goal of the research is to elucidate the processes
involved in generating ionospheric structure by forcing from below, one of the two main themes highlighted
by the 2013 Decadal Survey for Solar and Space Physics. Our emphasis on the connectivity between E- and
F-region ionospheric irregularities and between neutral and charged species mirrors the systems theme of the
CEDAR Strategic Plan.

Overview The experimental component of the research will be conducted in the Caribbean and will center
on the Arecibo incoherent scatter radar. This radar will be supported by two coherent scatter radar imagers
fielded by our team so as to have common E- and F-region scattering volumes with Arecibo. We will also
utilize the Arecibo lidars and all-sky imagers as well as sounders that have recently been installed on Puerto
Rico. For a synoptic view of the ionosphere, we will incorporate GPS TEC data from an expanding network
of receivers operated with existing NSF support. Finally, our research will incorporate the RISR radar which
is expected to be deployed in Argentina, near Arecibo’s magnetic conjugate point, during the course of this
project, if that radar becomes available at the new location.

Our theoretical investigation will focus on the turbulence properties of the neutral motions in the MLT
region, which will be studied using a multi-scale analysis, and on the consequences for ionospheric structur-
ing. Modeling work will incorporate a newly developed, fully three-dimensional plasma dynamics model,
capable of simulating E- and F-region irregularity formation on common magnetic field lines formed under
arbitrary background forcing. The model can be modified so as to simulate plasma dynamics on flux tubes
extending across hemispheres.

Intellectual merit The intellectual merit of this proposal stems from the fundamental science questions
being investigated, which are the keystones for understanding how the midlatitude ionosphere (under which
North Americans live) behaves as a system. The midlatitude ionosphere is as prone to instability as the
equatorial and auroral ionospheres despite the lack of obvious sources of free energy, and there is no compre-
hensive theory to explain this. There is a clear relationship between neutral winds, wind shear, and turbulence
and E layer formation and structuring, but the causal links have yet to be clearly articulated. Equally clear
is that E region irregularities and F region MSTIDs and irregularities are electrically coupled, but the roles of
the regions (sources, loads, coupled resonators) remain unspecified. Our project has been designed to resolve
these fundamental issues.

Broader impact The broader impact of this work is largely embodied in the instrumentation improvements
we plan to bring to the Caribbean region. These include the coherent scatter radar imagers, which will
function as a small network, expanding Arecibo’s capabilities by adding regional context to Arecibo’s point
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Figure 1: Diagram of one of the antennas used for our research project. The antennas are five-element Yagis
atop temporary poles supported by guy wires. They are modified versions of amateur-radio antennas (Hy-
Gain type LJ-105ca). Eight such antennas in a line form an array with a main beam directed toward the Great
Lakes.

measurements. Similar remarks hold for the regional GPS network (COCONet), which will be utilized by
our project for comprehensive GPS TEC mapping in the Caribbean for the first time. In addition, our effort is
opening the Caribbean region, the U.S. Virgin Islands and the French West Indies, for access by ourselves and
by other investigators in pursuit of the DASI (Distributed Arrays of Small Instruments) initiative. DASI is
one of very few initiatives specifically endorsed by the 2013 Decadal Survey as a way forward for conducting
discovery research in aeronomy. Research in this direction will be necessary to mitigate the hazardous aspects
of ionospheric irregularities on a society dependent on space-based technology.

Additional broader impact will take the form of undergraduate and undergraduate education and other
outreach activities in the Caribbean.



